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$QDO\VLVLQ1DWXUDO7LPH'RPDLQUHYHDOVQRYHOG\QDPLFDOIHDWXUHVKLGGHQEHKLQGWLPHVHULHVLQFRPSOH[V\VWHPV
ZKLFKFDQHPHUJHXSRQDQDO\]LQJWKHPLQ17EXWFDQQRWZKHQWKHDQDO\VLVLVFDUULHGRXWZLWKLQWKHIUDPHRIFRQ
YHQWLRQDOWLPH)XUWKHUPRUHWKHDQDO\VLVLQ17HQDEOHVWKHVWXG\RIWKHG\QDPLFDOHYROXWLRQRIDFRPSOH[V\VWHP
DQGLGHQWLILHVZKHQWKHV\VWHPHQWHUVD³FULWLFDOVWDJH´LUUHVSHFWLYHO\RIWKHV\VWHP¶VQDWXUH+HQFHLWVHHPVWKDW
1DWXUDO 7LPH SOD\V D GRPLQDQW UROH LQ SUHGLFWLQJ LPSHQGLQJ FDWDVWURSKLF HYHQWV LQ JHQHUDO ,W KDV EHHQ VKRZQ
>@WKDWWZRVWULFWFRQGLWLRQVDUHUHTXLUHGIRUWKHDQDO\]HGV\VWHPWRFRUUHVSRQGWRDWUXH³FULWLFDOVWDWH´
, 7KHYDULDQFHRIȤ ț1YDOXH LVH[SHFWHGWREHDQG³must be descending from above´RUHTXLYDOHQWO\WKH
ȆĳVSHFWUXPRIXQGHUO\LQJSURFHVVPXVWDSSURDFKWKHWKHRUHWLFDOFULWLFDOYDOXHRIȆ(ĳ)“from below”
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(T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)LJ6FKHPDWLFGLDJUDPVKRZLQJWKHSRZHUVSHFWUXPȆ(׋) LQQDWXUDO WLPH6ROLGOLQHLVȆ(׋)DVREWDLQHGIURP(TIRUFULWLFDOVWDJHț 
ZKHUHDVWKHRWKHUWZROLQHVDUHIRUț!DQGț*UD\DUURZLQGLFDWHVKRZWKHFXUYHDSSURDFKHVWKHWKHRUHWLFDOFXUYH³IURPEHORZ´
$QDO\VLVRIH[SHULPHQWDOUHVXOWV
7KHFDOFXODWLRQRIȆ(ĳ) ZDVSHUIRUPHGLQDKLWE\KLWEDVLV7KLVPHDQVWKDWț1YDULHVZKHQDQHZKLWRFFXUVDVȤk, pk
DUHUHVFDOHG$W\SLFDOVHTXHQFHRIȆ(ĳ) FDOFXODWLRQVLVGHSLFWHGLQ)LJIRUVSHFLPHQ7BFKDQQHOO,WLVHYLGHQW
WKDWWKHFRPSXWHGȆ(ĳ) FXUYHGDVKHGEOXHOLQHDSSURDFKHVWKHFULWLFDOȆ(ĳ)FXUYHVROLGUHGOLQH³IURPEHORZ´DQG
WKHWUXHFRLQFLGHQFHKDSSHQHGDWWKKLWZKLFKFDQEHFRQVLGHUHGDVWKHHQWUDQFHSRLQWWRWKH³FULWLFDOVWDJH´
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)LJ7LPHHYROXWLRQRIȆࢥIRUİࢥİRIWKH5$WLPHVHULHVIRU7BFKDQQHOBVSHFLPHQDIURPVWWRWKKLWEIURPVWWRWK
KLWFIURPVW WRWKKLWDQGGIURPVW WRWKKLWHYHQWLQ17WHUPLQRORJ\ȆࢥFXUYHVEOXHIDOORQWKHWKHRUHWLFDOȆࢥFXUYHUHG
FDOFXODWHGIURP(TDVFULWLFDOVWDJHLVDSSURDFKHG
 D  E
F G
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GLGQ¶WDFTXLUHWKHVDPHQXPEHURIKLWV7KLVLVDOVRDSURRIRIWKHUREXVWQHVVRIWKH17PHWKRGVLQFHWKHQXPEHUN 
RIVHSDUDWHHYHQWVLQ17WHUPLQRORJ\±RIUHFRUGHG$(KLWVLQWKLVVWXG\GLGQ¶WDIIHFWWKHPHWKRG¶VUHYHDOLQJDELOLW\
([FHSWIRUVXPPDUL]LQJWKHUHVXOWVLQ7DEOHDGGLWLRQDOLQIRUPDWLRQLVGHFRGHGDQGSURYLGHGDOVR6SHFLILFDOO\WKH
DVVRFLDWLYHWLPHZKHUHWKHFULWLFDOLW\FRQGLWLRQVIXOILOOHGLVSURYLGHGDOORZLQJRQHWRREWDLQWKH³FULWLFDOLW\LQLWLDWLRQ
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 'LVFXVVLRQDQG&RQFOXVLRQV
%HVLGHVWKHH[LVWHQFHRIFULWLFDOSRLQWVGHVLJQDWLQJHQWUDQFHWRDFULWLFDOVWDJHDQRWKHULQWHUHVWLQJSDWWHUQLVV\V
WHPDWLFDOO\XQIROGHGIRUDOOVSHFLPHQVWHVWHGWKHFROODSVHGVLGHRIWKHVSHFLPHQWKHQRWFKIURPZKLFKFUDFNSUR
SDJDWLRQVWDUWVLVWKHRSSRVLWHIURPWKHRQHIURPZKLFKWKHHDUOLHVWFULWLFDOLW\LQGLFDWRULVUHFHLYHG$OWKRXJKWKLV
REVHUYDWLRQVHHPVWRFRQWUDGLFWZLWKWKHH[SHFWHGRUGHULWFRXOGEHH[SODLQHGE\FRQVLGHULQJZKDW³FULWLFDOVWDJH´
PHDQVLQFDVHRIDVSHFLPHQPDGHRIEULWWOHPDWHULDOVXEMHFWHGWRWHQVLRQ,WLVJHQHUDOO\DFFHSWHGWKDWEHIRUHFUDFN
LQLWLDWLRQD³SURFHVV]RQH´LVIRUPHGDURXQGWKHWLSRIWKHSUHH[LVWLQJGLVFRQWLQXLW\HLWKHUFUDFNRUQRWFK7KLV]RQH
LVFKDUDFWHUL]HGE\VWURQJPLFURFUDFNLQJYRLGFRDOHVFHQFHDQGWKXVPDWHULDOZLWKLQWKLV]RQHLVEDGO\GDPDJHGDQG
LWFDQQRWEHFKDUDFWHUL]HGE\WKHSURSHUWLHVRIWKHLQLWLDOYLUJLQPDWHULDO7KHQHZSURSHUWLHVDUHFRQVLGHUDEO\XQGHU
JUDGHG$VDUHVXOWWKHVWUHVVILHOGLQWKLV]RQHLVUHGLVWULEXWHGWKHVLQJXODULW\RUGHUEHFRPHVORZHUDQGWKHPDWHULDO
DSSHDUVDVOHVVEULWWOH,QWKLVFRQWH[WHQWUDQFHWRFULWLFDOLW\GHVLJQDWHVDQLQFUHDVHRIWKH³DSSDUHQW´GXFWLOLW\PDNLQJ
WKHFUDFNLQLWLDWLRQPRUHGLIILFXOWIURPWKHVSHFLILFWLSWKXVIDYRXULQJVXGGHQFUDFNLQLWLDWLRQIURPWKHRSSRVLWHQRWFK
&RQFOXGLQJLWFDQEHVDLGWKDWWKHH[LVWHQFHRI$(SUHIDLOXUHLQGLFDWRUVIRU'(17PDUEOHVSHFLPHQVZDVH[DPLQHG
LQWKHSUHVHQWVWXG\7KLVLVDYHU\LQWHUHVWLQJWRSLFDOVRIURPWKHHQJLQHHULQJSRLQWRIYLHZWDNLQJLQWRDFFRXQWWKH
FRPSOH[LW\ RI WKH VHTXHQFH RI IDLOXUHPHFKDQLVPV DFWLYDWHG GXULQJ IUDFWXUH RI EULWWOH URFNOLNHPDWHULDOV:KLOH
SDVVLYH1RQ'HVWUXFWLYHPRQLWRULQJUHYHDOVWKHGRPLQDQWIUDFWXUHPRGHDQGKHOSVHVWLPDWLQJWKHUHPDLQLQJOLIHRI
PDWHULDOVXVLQJ1DWXUDO7LPH$QDO\VLVDQRYHOVLJQDOSURFHVVLQJPHWKRGZKLFKIRFXVHVRQWKHVHTXHQWLDORUGHURI
WKH HYHQWV WKDW DSSHDU LQ QDWXUH RQH LV DEOH WR UHYHDO WKH H[LVWHQFH RI HQWUDQFH SRLQWV WR D ³FULWLFDO VWDJH´$S
SURDFKLQJWKHIUDFWXUHSURFHVVDVD³FULWLFDOVWDJH´RIDG\QDPLFDOV\VWHPLWZDVKHUHSURSRVHGWRXVHWKHFULWLFDO
SRLQWVGHWHFWHGDVSUHIDLOXUHLQGLFDWRUVRIIRUWKFRPLQJFDWDVWURSKLFIUDFWXUHLQD³V\VWHPLF´YLHZ
7KLVDSSURDFKDOORZVH[DPLQDWLRQRIIUDFWXUHSURFHVVDVDVHTXHQFHRISKDVHWUDQVLWLRQVRIDG\QDPLFDOV\VWHP
LH WUDQVLWLRQWRQRQHTXLOLEULXPSURFHVV:KHQWKHV\VWHPDSSURDFKHV WKHSKDVH WUDQVLWLRQVWDJHFOXVWHUVRI WKH
QHZSKDVHDUHIRUPHGE\HQKDQFHGIOXFWXDWLRQDQGWKHLUVL]HLQFUHDVHVDVGRHVWKHFRUUHODWLRQOHQJWK>@7KHQHZO\
IRUPHGSKDVHPD\LQJHQHUDOEHFRXSOHGZLWKDQH[LVWLQJH[WHUQDOILHOGDQGWKHLQWHUDFWLRQHQHUJ\LVH[SHFWHGWREH
SURSRUWLRQDOWRWKHOLQHDUGLPHQVLRQRIWKHQHZO\IRUPLQJSKDVH$VDUHVXOWWKHWLPHVHULHVHPLWWHGLQVXFKDQRQ
HTXLOLEULXPSURFHVVZLOO EHQRQVWDWLRQDU\ LQ FRQWUDU\ WR WKH HTXLOLEULXPVWDJHZKHQ VWDWLRQDU\ WLPH VHULHVZHUH
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DFWHUL]HV WKHZD\HQHUJ\ LV UHOHDVHGGXULQJ WKHHYROXWLRQRI WKHG\QDPLF WUDQVLWLRQ ,W LV WKHUHIRUHFRQFOXGHG WKDW
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